Introduction
============

Fatigue may be described as an unusual or extreme sensation of tiredness that is not easily overcome, either by rest or by sleep, and afflicts the whole human being.[@b1-ceg-6-101] When experiences of fatigue are recurrent or persisting for more than 6 months, they are described as chronic.[@b2-ceg-6-101] Fatigue is a common complaint among the general population. Thus, in a cross-sectional population-based study, 22% of Norwegians reported substantial fatigue,[@b3-ceg-6-101] and in a general medical practice setting, many patients present with unexplained conditions like chronic fatigue syndrome, fibromyalgia syndrome, and irritable bowel syndrome (IBS).[@b4-ceg-6-101]--[@b6-ceg-6-101] In a recent study, patients with IBS reported significantly higher scores on the Fatigue Impact Scale (FIS) compared with healthy controls, even higher than patients with organic gastrointestinal disease.[@b7-ceg-6-101] However, the diagnosis of fatigue is problematic since no biological markers specific to the disease have yet been identified,[@b8-ceg-6-101] and there is no generally accepted treatment for the condition. During recent years, studies indicate that low-grade intestinal inflammation may be a contributory factor in the pathogenesis of IBS, as well as in fatigue and musculoskeletal pain conditions.[@b9-ceg-6-101]--[@b11-ceg-6-101] Interestingly, immune-modulating drugs have demonstrated significant clinical efficacy in some patients with severe chronic fatigue.[@b8-ceg-6-101],[@b12-ceg-6-101]

Previous studies in patients with unexplained self-reported food hypersensitivity have shown that the majority suffer from IBS with abdominal pain/discomfort, bloating, and disturbed bowel habits.[@b13-ceg-6-101],[@b14-ceg-6-101] In addition they had a high prevalence of subjective health complaints, including musculoskeletal pain,[@b15-ceg-6-101] and considerably impaired quality of life.[@b13-ceg-6-101] Sixty-one percent had atopic diseases,[@b16-ceg-6-101] but few, if any, had clear indications of food allergy as a cause of their complaints.[@b17-ceg-6-101] Fatigue was often reported, but not systematically recorded.

Fatigue is usually measured through self-administered questionnaires[@b18-ceg-6-101] which may emphasize different aspects, as severity or impact, of the condition.[@b19-ceg-6-101] The FIS has previously been validated in patients with chronic fatigue syndrome, multiple sclerosis, and liver diseases,[@b19-ceg-6-101]--[@b21-ceg-6-101] and is recommended for clinical use because it has stronger psychometric properties than other fatigue assessment instruments.[@b22-ceg-6-101] The objectives of the present study were to validate a Norwegian version of the FIS, and to study its applicability in patients with unexplained self-reported food hypersensitivity as compared with healthy controls.

Materials and methods
=====================

Participants
------------

In 2008/2009, 38 consecutive adult patients (older than 18 years) with unexplained self-reported food hypersensitivity were examined at Haukeland University Hospital, Bergen, Norway, by an interdisciplinary team, including allergologists, gastroenterologists, psychiatrists, and dieticians, as previously described.[@b14-ceg-6-101] In addition, the patients answered the following questionnaires: the FIS,[@b19-ceg-6-101] the quality of life Short-Form Nepean Dyspepsia Index (SF-NDI),[@b13-ceg-6-101] the Subjective Health Complaints Inventory (SHC),[@b23-ceg-6-101] and two questionnaires concerning IBS, Severity of IBS Symptoms[@b24-ceg-6-101] and Rome III criteria.[@b25-ceg-6-101]

During the spring of 2011, 70 previously examined patients with unexplained self-reported food hypersensitivity, including the 38 patients from 2008/2009, were telephoned asking if they would take part in a follow-up study by filling out the FIS[@b19-ceg-6-101] and Rome III criteria for IBS.[@b25-ceg-6-101] Fifteen persons did not answer the phone call. Two patients were pregnant or breastfeeding and one had been cured of symptoms, and were therefore excluded. Fifty-two persons agreed to participate and were mailed written information about the study, the questionnaires, and a stamped envelope for return mail. Nine persons did not, after one phone reminder, return the questionnaires. Thus, the results of 43 patients (61%), remained for analysis, of whom 24 (56%) had also completed the FIS in 2008/2009. Thirty (70%) of the patients fulfilled the Rome III criteria for IBS.

The control group consisted of health care workers, mainly nurses working in shifts at Haukeland University Hospital, who had no contact with the patients. Those who considered themselves to be healthy were given oral and written information about the study. Of the 100 packages of questionnaires that were distributed, 46 were returned. Four (9%) controls reporting symptoms compatible with IBS were excluded, thus decreasing the control group to 42 participants. Patients and controls provided demographic information like age, gender, profession, and workload. The regional committee for medical research ethics approved the study (REK Vest number 2011/749), and all participants gave written informed consent.

Questionnaires
--------------

### Fatigue Impact Scale

The FIS was originally developed to assess the impact of fatigue on quality of life in patients with chronic diseases.[@b19-ceg-6-101] The questionnaire examines patient perceptions of the functional limitations that they attributed to fatigue during the past month.[@b19-ceg-6-101] The scale is constructed to include three subscales assessing perceived fatigue impact on cognitive functioning (10 items), physical functioning (10 items), and psychosocial functioning (20 items). The statements are ranged on a five-level scale (0 = no problem to 4 = extreme problems), giving a maximum FIS score of 160. The FIS is considered a reliable and valid tool to measure the influence of fatigue in different groups of patients.[@b19-ceg-6-101]--[@b21-ceg-6-101]

The questionnaire was translated from Swedish[@b20-ceg-6-101] into Norwegian by two of the researchers, and back-translated into Swedish by two translators, one of them being a native speaker of Swedish. The two back-translated and the original versions were then compared and the authors and the translators came to an agreement on the final Norwegian version. Finally, a similar procedure was used for comparing the final Norwegian version with the original English version of the FIS.[@b19-ceg-6-101]

### Short-Form Nepean Dyspepsia Index

Originally, the NDI consisted of 42 items, measuring health-related quality of life structured around 17 key areas of life.[@b26-ceg-6-101] Subsequently, the 10-item SF-NDI was constructed and validated in patients with functional dyspepsia.[@b27-ceg-6-101] A validated Norwegian translation of the SF-NDI has previously been found to be a useful tool for the assessment of health-related quality of life in patients with unexplained self-reported food hypersensitivity.[@b13-ceg-6-101],[@b28-ceg-6-101] The SF-NDI includes five subscales, ie, tension, interference with daily activities, eating/drinking, knowledge control, and work/study. Each subscale contains two items which are measured by a five-point graded Likert scale (1 = not at all, 2 = a little, 3 = moderately, 4 = quite a lot, 5 = extremely). A total sum score for quality of life and a sum score for each of the five subscales were calculated by adding up scores for each item (range of total quality of life 10--50, and of each subscale 2--10). Higher scores indicate worse functioning or more severe symptoms.

### Subjective health complaint

The SHC measures subjective, somatic, and psychologic complaints (29 items) experienced during the last 30 days.[@b23-ceg-6-101] The questionnaire has been tested in different populations and has satisfactory validity and reliability.[@b29-ceg-6-101] The questionnaire is divided into five subgroups: musculoskeletal pain (headache, migraine, neck pain, arm pain, shoulder pain, upper back pain, low back pain, and leg pain), pseudoneurology (tiredness, sleep problems, anxiety, sadness/depression, extra heartbeats, heat flushes, and dizziness), gastrointestinal problems (gas discomfort, abdominal discomfort, diarrhea, constipation, gastritis/ulcer, heartburn, and stomach pain), allergy (allergies, breathing difficulties, eczema, and asthma), and influenza (cold/influenza and coughing). The severity of each complaint is rated on a four-point scale (0 = not at all, 1 = a little, 2 = some, 3 = severe).

### Rome III criteria and IBS symptom questionnaire

Based on Rome III criteria,[@b25-ceg-6-101] we used a questionnaire consisting of five questions to diagnose IBS and five questions to describe symptoms. The Rome III criteria was translated from English into Norwegian by the researchers, and back to English by two persons, one of whom had English as her native language. The Norwegian version was made after agreement on minor adjustments between the researchers and translators. The presence of IBS was defined as abdominal pain or discomfort at least 3 days per month during the last 3 months, for at least 6 months, associated with two or more of the following three symptoms: change in frequency of stool, change in form (appearance) of stool, and improvement in defecation.[@b25-ceg-6-101] In addition, the subjects completed a questionnaire (Severity of IBS Symptoms) assessing daily severity of symptoms like nausea, bloating, abdominal pain, constipation, diarrhea, and anorexia. Severity of symptoms is graded on a scale from 0 to 10, giving each subject a total score of between 0 and 60.[@b24-ceg-6-101]

Statistical analysis
--------------------

The data were analyzed using GraphPad Prism version 5 (GraphPad Software Inc, San Diego, CA, USA) and Statistical Package for the Social Sciences version 17.0 software (SPSS Inc, Chicago, IL, USA). Validation of the FIS included scale reliability estimated by Cronbach's α coefficient, which ranges from 0 to 1. An acceptable Cronbach's α has been identified in the literature as \>0.7.[@b30-ceg-6-101] Reproducibility was determined by correlation of the FIS subscores in the same patients (n = 24) answering the FIS in 2008/2009 and again in 2011. In this study, we used face validity, which was assessed by having "experts" review the contents of the questionnaire, to see if the items seemed appropriate; convergent validity, which is the degree to which the questionnaire is similar to another questionnaire that it theoretically should be similar to;[@b31-ceg-6-101] construct validity by correlating scores on the SF-NDI, SHC, and Severity of IBS Symptoms questionnaire with scores on the FIS; and known-groups validity, which is determined by the degree to which an instrument can demonstrate different scores for groups known to vary on the variables being measured.[@b31-ceg-6-101] Finally, multiple regression analysis was used to determine predictive factors for fatigue and quality of life.

Because the questionnaires are graded on an ordinal level, nonparametric statistical methods were used. The descriptive statistics used were numbers (n) and percentages (%), means and standard deviations, and medians and interquartile ranges (IQR). The statistical significance of differences were analyzed using the unpaired Student's *t*-test or Mann-Whitney rank-sum test, Wilcoxon signed-rank test, and odds ratios with 95% confidence intervals. Correlations were computed using the Spearman rank order correlation coefficient, *r*. Proportions were compared using Fisher's Exact test, and *P* \< 0.05 was considered to be statistically significant. Too few men precluded a statistical evaluation of the influence of gender.

Results
=======

Validation of Norwegian version of FIS
--------------------------------------

The mean age of the 38 patients in the validation study was 36.1 ± 15.1 years, and 30 (79%) were women. The median IBS symptom score was 25.5 (IQR 18.8--34.0). The results of the questionnaires are shown in [Table 1](#t1-ceg-6-101){ref-type="table"}. The most frequently reported subjective health complaints were abdominal bloating and tiredness (89%) followed by diarrhea (82%) and stomach pain (74%).

### Validity

Face validity was satisfactory. The total FIS score correlated significantly with quality of life, SF-NDI, and SHC (*r* = 0.50, *P* = 0.001 and *r* = 0.42, *P* = 0.009, respectively) but not with IBS symptom scores (*r* = 0.32, *P* = 0.053). FIS discriminated significantly between groups of patients; those reporting SF-NDI scores ≥27 (n = 23) perceived significantly more fatigue (median 92.0, IQR 64.0--109.0) than those with SF-NDI scores \<27 (n = 15, median 54.0, IQR 9.0--98.0, *P* = 0.039).

### Reliability

Cronbach's α was 0.98 for the total FIS, 0.92 in the cognitive and physical function subscales, and 0.95 for psychosocial function (n = 38). There was no significant difference in either total FIS scores or in cognitive, physical, or psychosocial function in the same 24 patients in 2008/2009 and 2011 ([Table 2](#t2-ceg-6-101){ref-type="table"}).

### Multiple regression analysis

A model including FIS as the dependent variable and quality of life, subjective health complaints, IBS symptoms, and age as independent variables explained 40% of the variance (*r*^2^ = 0.40, F = 5.62, *P* = 0.001) in fatigue where quality of life was the sole significant predictor (*P* = 0.006).

Comparison of FIS in patients and controls
------------------------------------------

There were no significant differences in gender or mean age between patients and controls, but significantly more patients were younger than 40 years of age and not employed full-time ([Table 3](#t3-ceg-6-101){ref-type="table"}). Cronbach's α value for total FIS among the controls was 0.97 and in the subgroups of cognitive, physical, and psychosocial functions was 0.93, 0.90, and 0.94, respectively.

Overall, 43 (100%) of the patients reported some impact of fatigue compared with 34 (81%) of the controls (*P* = 0.003). The patients reported significantly (*P* ≤ 0.0001) median higher scores on the FIS (85.0, IQR 36.8--105.3) compared with controls (14.0, IQR 3.0--29.0).

Each domain of the FIS showed significantly higher scores in patients compared with controls, with similar statistically significant differences in all domains (*P* \< 0.0001, [Figure 1](#f1-ceg-6-101){ref-type="fig"}). There were no significant differences with regard to impact of fatigue between patients with and without IBS or between patients younger and older than 40 years. The four most marked differences between patients and controls \[odds ratio, 95% confidence interval\] were in the five statements: "Normal day-to-day events are stressful for me" \[14.6 (5.0--42.8)\], "I am not able to provide as much emotional support to my family as I should" \[12.1 (4.3--33.6)\], "I have to reduce my workload and responsibilities" \[10.7 (3.9--29.1)\], and "I am less able to complete tasks that require physical effort" \[9.8 (2.4--17.2)\]. In the patient group, one person did not answer the statement "I am less able to provide financial support for myself and my family", and another did not answer the statement "I engage in less sexual activity" in the FIS. The controls answered all questions.

Discussion
==========

The results of the present study confirm the validity and reliability of the Norwegian version of the FIS by demonstrating high internal consistency and an excellent correlation between the FIS and measures of quality of life and various subjective health complaints. The ability of the FIS to discriminate different levels of fatigue between patients and controls supports the construct validity of the scale, in accordance with the results reported by Fisk et al.[@b19-ceg-6-101] High stability of scores over a time interval of about 2 years indicates good reproducibility of the FIS and that fatigue is a persistent condition in our patients with unexplained self-reported food hypersensitivity. The fact that all but two questions were answered by the participants indicates that the Norwegian translation of the FIS was found to be understandable, meaningful, and easy to answer. One may argue that the present study does not support Norwegian validation of the FIS according to gender. However, we believe that our patient sample, with most participants being women, is still representative of the patient population affected by food hypersensitivity and IBS.[@b32-ceg-6-101]

Although chronic fatigue syndrome is a common comorbidity in patients with IBS,[@b5-ceg-6-101] there are few studies comparing fatigue in patients with and healthy controls. Consistent with prior results in IBS,[@b7-ceg-6-101] our patients with unexplained self-reported food hypersensitivity and IBS perceived a greater impact of fatigue than healthy controls. Butt et al reported that patients with chronic fatigue syndrome and IBS claimed more severe fatigue than patients with chronic fatigue syndrome without IBS.[@b33-ceg-6-101] In the present study, IBS did not predict fatigue, while quality of life did. However, the SF-NDI and FIS questionnaires include related questions which may in part explain this apparent prediction.

Being unable to provide sufficient financial support for themselves and their family and being in a position of dependence on others were dominating worries among the patients. This is in accordance with the results of a study using the FIS in patients with chronic hepatitis C.[@b34-ceg-6-101] The results are thus related to the patients' self-reported employment status. When excluding students, 49% of the patients were employed, and only 33% worked full-time. It is a serious personal and social problem when young persons (nearly 60% of the patients were under 40 years) are not capable of maintaining themselves financially. There were some differences between the patient and control groups with respect to age and job. On the other hand, our previous studies do not suggest that the patients' complaints are age and job dependent.[@b35-ceg-6-101] Unexplained somatic symptoms like fatigue and other extraintestinal complaints represent a serious loss, not only for patients, but also for society and health care services in general.[@b36-ceg-6-101],[@b37-ceg-6-101]

The patients self-reported having multiple symptoms from different organ systems including fatigue and food hypersensitivity. Most of the patients were diagnosed with IBS, but none with food allergy.[@b14-ceg-6-101] One cannot exclude the possibility that the results are due to a general tendency to amplify bodily sensations in the patient group. However, previous studies using objective methods to assess similar symptoms do not support this view.[@b38-ceg-6-101],[@b39-ceg-6-101] Patients with unexplained self-reported food hypersensitivity are also particularly responsive to certain fermentable, short-chain carbohydrates,[@b40-ceg-6-101],[@b41-ceg-6-101] supporting the indication that their food hypersensitivity is indeed a specific feature.

Among employees with heavy workloads and shift works, of which nurses are typical, feeling tired and fatigued are common complaints.[@b42-ceg-6-101] Nurses under the age of 40 years working in shifts are more likely to suffer from sleep disturbances, menstrual irregularities, and adverse pregnancy outcomes than those working in the daytime.[@b42-ceg-6-101],[@b43-ceg-6-101] Even though health care workers may be prone to underreporting their symptoms, especially in response to questionnaires,[@b44-ceg-6-101] 83% of the nurse controls reported some impact of fatigue, which is in accordance with results from otherwise healthy persons.[@b20-ceg-6-101],[@b34-ceg-6-101],[@b45-ceg-6-101]

A common etiology of multiple unexplained symptoms is an interesting possibility. Indeed, a growing body of evidence indicates similarities in the pathogenesis of chronic fatigue syndrome and IBS, such as alterations in gut permeability, disturbances of gut microbial community, and dysfunctions of immune regulation.[@b46-ceg-6-101],[@b47-ceg-6-101] The gut microbiota may influence the nervous, endocrine, and immune systems, and also interact with higher brain centers.[@b46-ceg-6-101] Whether such mechanisms play a pathophysiologic role in patients with unexplained self-reported food hypersensitivity certainly warrants further investigation.

In summary, the results of the present study confirm that the Norwegian version of the FIS is a suitable tool for assessment of fatigue in patients with unexplained self-reported food hypersensitivity and IBS, who report considerably more chronic fatigue than healthy controls.
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###### 

Total and subgroup scores expressed as median and interquartile ranges for the Fatigue Impact Scale, Short-Form Nepean Dyspepsia Index, and subjective health complaints questionnaires in patients with self-reported food hypersensitivity and irritable bowel syndrome (n = 38)

                                        Median (IQR)
  ------------------------------------- --------------------
  Fatigue Impact Scale                  
   Total score                          88.5 (47.8--104.3)
   Cognitive function                   18.5 (10.0--29.0)
   Physical function                    24.0 (11.8--30.3)
   Psychosocial function                38.5 (16.3--49.0)
  Quality of life (SF-NDI)              
   Total score                          27.5 (24.0--37.0)
   Tension                              5.0 (4.0--8.0)
   Interference with daily activities   6.0 (4.0--7.3)
   Eating/drinking                      7.0 (5.0--9.2)
   Knowledge control                    4.0 (3.0--6.0)
   Work/study                           6.0 (2.8--8.0)
  Subjective health complaints          
   Total score                          23.0 (14.8--33.5)
   Musculoskeletal pain                 5.5 (2.0--11.0)
   Pseudoneurology                      5.0 (2.0--10.0)
   Gastrointestinal problems            7.0 (5.0--11.2)
   Allergy                              2.0 (1.0--4.3)
   Influenza                            1.0 (0.0--2.3)

**Abbreviations:** IQR, interquartile range; SF-NDI, Short-Form Nepean Dyspepsia Index.

###### 

Impact of fatigue in patients with self-reported food hypersensitivity and irritable bowel syndrome in 2008/9 and 2011 (n = 24)

  Fatigue Impact Scale   Median (IQR)         Wilcoxon matched-pair signed-rank test   Spearman correlation coefficient, *r*   
  ---------------------- -------------------- ---------------------------------------- --------------------------------------- --------------------------
  Total score            91.0 (23.8--108.5)   85.0 (18.5--114.0)                       *P* = 0.605                             *r* = 0.67, *P* = 0.0002
  Cognitive              20.5 (10.5--28.8)    20.0 (5.3--27.5)                         *P* = 0.346                             *r* = 0.42, *P* = 0.020
  Physical               24.0 (7.3--28.8)     25.5 (5.3--34.0)                         *P* = 0.457                             *r* = 0.57, *P* = 0.013
  Psychosocial           39.5 (17.5--53.5)    41.5 (8.8--54.2)                         *P* = 1.000                             *r* = 0.42, *P* = 0.061

**Abbreviation:** IQR, interquartile range.

###### 

Demographic data (n, %) for patients with self-reported food hypersensitivity and healthy controls

                             Patients (n = 43)   Controls (n = 42)   *P*-value
  -------------------------- ------------------- ------------------- -----------
  Female gender              38 (88)             41 (98)             0.202
  Age, years (mean, SD)      41 (16)             47 (12)             0.052
  Age \<40 years (n, %)      24 (56)             12 (29)             0.015
  Employment status (n, %)                                           
    Full-time (100%)         14 (33)             33 (79)             \<0.0001
    Part-time (20%--80%)     7 (16)              9 (21)              0.589
  Disability pension         8 (19)                                  
  Students                   6 (14)                                  
  Pensioners                 5 (11)                                  
  Unemployed                 2 (5)                                   
  Full-time homemaker        1 (2)                                   
